Abstract
INTRODUCTION
Clay minerals are natural products of a wide range of applications. Their surface properties as specific surface area (SBET) and pore volume (V) and the cation exchange capacity (CEC) are the main parameters promoting their broad application in many industries. Clay minerals are use as catalysts [1 -3] , catalyst carriers [4 -6] and also in the beverage technology [7] . Nanotechnology, environment protection and water purification are promising future application fields of clay minerals. Bentonites are use in their natural or modified form (after acid, alkali, organic or thermal treatment). The acid modification, known as acid activation, has been investigated by several authors using hydrochloric acid [8] [9] [10] [11] or sulfuric acid [12] [13] [14] [15] , to change the surface properties and smectite structure of the bentonites influencing their adsorption and catalytic properties [8, 12] . This study was focused on the optimization of the sulfuric acid activation process in order to improve the surface properties of the Prrenjas clay mineral by preserving the CEC.
EXPERIMENTAL PART

Materials and methods
Clay mineral from Prrenjas region in southeast Albania (bentonite) were treated with sulfuric acid Typically, 10 g of bentonite were dispersed in 1 L of distilled water and left to precipitate for 24 h. A fraction was separated, which corresponds to 2/3 of the height of the upper limit and left to dry in air. Such prepared bentonites were labeled P/M, P denote Prrenjas bentonite whereas M is the molarity of H 2 SO 4 , respectively (P/0.143, P/0.371, P/0.734, P/0.927 and P/1.456).
Acid activation
For the H 2 SO 4 acid treatment, 5 g of previously purified Prrenjas bentonite was dispersed in 50 mL of 0.143 M, 0.371 M, 0.734 M, 0.927 M and 1.456M H 2 SO 4 . The dispersion was heated for 3 hours at 90ºC under stirring as shown in the figure 1 and flushed with distilled water to a negative reaction to the sulfate ion, which was checked by BaCl 2 . The bentonites were dried at room temperature.
Characterization
Chemical analyses were performed second the ASTM C114 standard [16] , where the procedures for the determination of the oxides SiO 2 , Al 2 O 3 , Fe 2 O 3 , MgO, CaO, SO 3 are described. Cation exchange capacity (CEC) was determined by the methylene blue (MB) adsorption method. For that 100 cm 3 of distilled water and 0.5 g dried clay mineral are mixed under stirring in an Erlenmeyer flask. The dispersion is titrated with a MB 12.5 mM solution and MB cation is exchanged for the other cations in between of the clay layers. The equilibrium is controlled through the color of solution in contact with the clay as described in detail in [17] .
The bentonite mineral composition was checked by X-ray powder diffraction (XRD) employing the SIEMENS D5000 automated system. The diffractograms were recorded using Cu Kα = 1.5406 Å radiation, setting the current of 20 mA and voltage of 35 kV (Ni filter). X-ray powder diagrams were collected in the 2θ range from 3 to 80º.
FT-IR spectra were recorded on a Thermo Scientific Nicolet 6700 (ATR) in the 4000-400 cm −1 region. Specific surface area tests were undertaken by determining the adsorption and desorption nitrogen isotherms at liquid nitrogen temperature (−196ºC). Before measurement, the sample was degassed at 120ºC and vacuumed over 24 hours. The achieved vacuum was measured with a Pirani vacuum gauge (measurement range 0.001 − 1 mbar). The analysis entailed determination of the sample specific surface area using the BET equation. Pore volume was determined based on the Gurwitsch's rule, from the volume of liquid nitrogen adsorbed at the equilibrium pressure p = 920 mbar in the adsorption isotherm. Table 1 The structural changes that evolve the Prrenjas clay mineral samples are monitored by FTIR spectroscopy (Figure 3 ). The spectra show changes in the 4000-400 cm −1 region as described in previous papers [1, 15, 19, 20] . Namely, the most intensive band at 977 cm 
RESULTS AND DISCUSSION
Variation of chemical composition with the H 2 SO 4 activation
Impact of acid on the surface properties of Prrenjas clay mineral
The adsorption isotherms given as a share of the adsorbed nitrogen in the function of the relative pressure (at −196ºC) are shown in Figure 4 . The specific surface area of Prrenjas clay mineral rises with the increase of molarity of the H 2 SO 4 . Based on the presented adsorption isotherms, the specific surface area of untreated and treated clay samples was calculated using the BET equation.
The obtained values are shown in Table 2 . In Prrenjas clay mineral there is a considerable change in the specific surface area and porosity specially after the treatment with 0.927 M and 1.456 M H 2 SO 4 . Differences occur due to the change in the montmorillonite structure and the same changes were observed in the XRD and IR analyses.
CONCLUSION
According to structural and textural characteristics, the Prrenjas clay mineral untreated or treated with H 2 SO 4 acid, due to its large surface area, can be used as good adsorbents and catalysts in many industries. Acid activation increased the surface area of the clay samples examined up to 420 m 2 /g.
With the change of the chemical composition, structural and textural characteristics of sheets, a high specific surface area was created and a low cation exchange capacity was observed. 
